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Bioactive  Encapsulation  for  Military  Food  Applications:  Request  for  En¬ 
hanced  Nano-  &  Micro-particle  Fabrication  &  Characterization  Facilities 


Introduction 

The  purpose  of  this  project  was  to  establish  state-of-the  art  facilities  to  develop  nanoparticle 
and  microparticle  encapsulation  systems  for  bioactive  components  that  may  improve  soldier  per¬ 
formance,  e.g.,  nutrient  delivery  systems  or  antimicrobial  delivery  systems.  As  part  of  the  pro¬ 
ject  we  purchased  facilitates  to  fabricate  nanoparticles 
(spray  drying  unit)  and  equipment  to  characterize  the 
powders  produced  (freeze  drying,  sputter  coating,  and 
scanning  electron  microscopy).  During  the  course  of 
the  project  we  have  developed  a  wide  range  of  nano¬ 
particle  and  microparticle  delivery  systems  that  can  be 
used  to  encapsulate,  protect,  and  release  bioactive 
components,  including  biopolymer  complexes,  protein 
nanoparticles,  lipid  nanoparticles,  and  microgels.  For 
example,  we  have  encapsulated  natural  antimicrobials 
(such  as  essential  oils  and  polylysine),  vitamins  (vita¬ 
min  A,  D,  and  E),  and  nutraceuticals  (curcumin,  beta- 
carotene,  w-3  fatty  acids,  polyphenols,  and  Coenzyme 
Q 10).  Vitamins  and  nutraceuticals  may  promote  sol¬ 
dier  performance,  whereas  antimicrobials  may  be  used 
to  improve  the  shelf  life  and  safety  of  rations. 

The  physicochemical  properties  of  nanoparticle  and  microparticle  encapsulation  systems 
have  been  characterized,  including  particle  size  distribution,  electrical  charge,  and  morphology. 
In  addition,  the  biological  activity  of  antimicrobials  has  been  established  using  model  microor¬ 
ganisms,  whereas  the  potential  bioavailability  of  nutraceuticals  has  been  established  using  a  sim¬ 
ulated  gastrointestinal  tract  (GIT)  model  that  includes  mouth,  stomach,  and  small  intestine 
phases. 
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Figure  1 :  Schmatic  diagram  of  the 
principles  of  a  small  scale  spray  drier 
that  can  be  used  to  covert  fluid  colloidal 
delivery’  systems  into  agglomerated 
powders  (from  Niro.com). 


1 


Particle  Fabrication  Facilities 


Spray  drier  -  A  small-scale  spray  drier  was  purchased  to  convert  fluid  delivery  systems  into 
solid  powders  using  microencapsulation.  Microencapsulation  involves  passing  a  fluid  through  a 
tiny  nozzle  to  form  a  mist  of  small  drops,  which  are  then  dried  by  evaporating  the  solvent  at  ele¬ 
vated  temperatures  (Figure  1).  This 
unit  has  been  used  for  drying  deliv¬ 
ery  systems.  The  instrument  pur¬ 
chased  mimics  the  drying  condi¬ 
tions  that  occur  within  industrial 
scale  spray  driers,  so  as  to  facilitate 
scale-up  from  pilot  plant  to  produc¬ 
tion.  The  advantage  of  purchasing  a 
small-scale  spray  drier  is  that  it  can 
be  utilized  to  rapidly  screen  the  efficacy  of  different  construction  materials  and  structural  organi¬ 
zation  principles  used  in  developing  delivery  systems.  This  has  provided  us  with  the  ability  to 
test  different  wall  materials  in  the  powders  that  can  protect  the  nutraceuticals  during  storage  by 
inhibiting  oxygen  and  light  exposure,  while  also  enhancing  the  bioaccessibility  of  the  microen¬ 
capsulated  nutraceutical  after  they  are  dispersed  in  foods  and  beverages. 

Particle  Characterization  Facilities 

Bench-top  SEM-  A  bench-top  scanning  electron  microscope  (SEM)  was  purchased  to  char¬ 
acterize  the  morphology  and  dimensions  of  the  structured  delivery  systems  prepared  using  the 
microencapsulation  method.  This  instrument  enables  the  microstructure  of  materials  to  be  deter¬ 
mined  by  passing  an  electron  beam  across  their  surface  (Figure2).  The  functional  performance 
of  bioactive  components  is  known  to  be  strongly  influenced  by  their  nano-  and  micro-structure, 
and  so  knowledge  of  their  morphology  is  essential  for  understanding  and  controlling  their  stabil¬ 
ity  and  properties. 
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Figure  2:  Picture  of  a  bench-top  SEM  unit  that  can  be  used  to 
characterize  the  morphology  of  particles  produced  by 
microencapsulation  (from  Nikoninstruments.  com). 
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Applications 

The  equipment  is  being  used  to  educate  students  on  the  fabrication  and  characterization  of 
nanoparticle  and  microparticle  delivery  systems,  as  well  in  fundamental  research  aimed  at  de¬ 
signing  delivery  systems  to:  improve  the  stability  of  bioactive  agents  in  food  products/rations; 
their  dispersibility  in  food  products  and  rations;  and  enhance  their  biological  activity  (such  as  an¬ 
timicrobial  activity  or  bioavailability). 
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